The admittance o• a turbulent jet as the generator in organ flue pipes was investigated experimentally with respect to the relevant parameters, that is, the frequency, the jet effiux velocity, the mouth end-correction, and the jet tip deflection at the cdge. First, an experiment was performed using a jet with a pulsating velocity to drive a pipe to isolate and identify the various drive mechanisms occurring in the jet-pipe interaction. The two established drive mechanisms, momentum drive and volume drive, were found to be operating, but the relative proportion of momentum drive was greater than expected. Turning then to a typical flue pipe arrangement, as a preliminary experiment, the jet admittance in the pipe was shown to be independent of the jet tip deflection so long as the deflection was less than about 0.7 jet widths. This constant admittance regime was then used to facilitate measurement of the pipe excitation as a function of the three remaining parameters. The admittance magnitude and phase were used, in conjunction with a knowledge of the jet behavior, to quantify the relative importance of the two drive mechanisms here, revealing once again a greater proportion of momentum drive than expected. To a good approximation, the admittance magnitude multiplied by the efflux velocity, and the admittance phase were each found to lie on a universal curve when plotted against a parameter consisting of the frequency divided by the efflux velocity, provided the cutup was constant. A deviation from expected behavior, as yet to be explained, was found in the jet admittance and phase for very low frequencies and high blowing pressures.
INTRODUCTION
The jet drive in organ flue pipes is a problem which has attracted considerable attention over the past decade and these efforts have lead to a great advance in understanding.
•4o Nevertheless, a number of aspects of the interaction between the jet and the pipe are not well understood, and it is a series of experiments designed to investigate these which forms the subject of this paper. The problem, if treated from a fundamental starting point, has proven impossibly difficult, at least without further experimental evidence, since it involves the very complex fluid dynamical interaction between the jet and the standing wave at the edge. It is, however, still possible to progress from an empirical standpoint towards a better description.
The jet and the pipe are thought to interact according to two mechanisms. These were originally proposed, very qualitatively, by Helmholtz • and Rayleigh. 12 Experimental and theoretical attention to them since has confirmed their probable applicability and has gone some way to elucidating plistic but that insofar as they exist, they probably both occur in the overall interaction. Theoretical studies on a hypothetical experiment where the pipe is driven by a stationary jet with pulsating velocity were performed by Elder 3 who found terms in his solution resembling both drives together with other nonlinear terms. Fletcher ? postulated a jet of constant velocity and with a tophat profile, which was deflected in and out of the pipe giving a jet flow variation into the pipe dependent on the jet area intersected by the lip. For this arrangement he also found two terms like those already described plus small nonlinear ones. In a later paper 
where Uo is the jet velocity at the flue. As was evident from their description, the two drives are •r/2 apart in phase. If the magnitudes of the two terms are calculated using typical pipe parameters and frequencies, then we find •oAl•,v o, suggesting that volume drive is the more important mechanism. For volume drive, considerations of the feedback involved to the jet suggest that the phase delay necessary on the jet to complete the loop is •r, that is, one halfwavelength. Coltman • found one half-wavelength on the jet in his experiments involving a pipe sounding at resonance. The pipe configuration he used, and the frequency, were indeed such as to set Eq. (1) well over into the volume drive regime.
Coltman •3 has also performed an experiment explicitly designed to isolate and measure the two drives. It involves the use of a pulsating jet as envisaged by Elder 3 to drive a pipe, open at both ends, at its center. This arrangement was based on the rationale that volume drive in the pipe should not vary with the direction of the jet while momentum drive is essentially a vector interaction. Thus, for a pipe driven at its center at the frequency of the second pipe mode, a reversal of the jet direction in the pipe should produce no reversal of phase of the pipe excitation for volume drive and a reversal of •r for momentum drive. In addition, volume drive at the center will produce only a weak excitation since the two pipe halves will vibrate •r out of phase, with a pressure node at the drive point and thus a very small driving point impedance. For momentum drive the two halves must vibrate in phase, at the natural resonance of the pipe, so the excitation is strong.
Coltman found evidence of momentum transfer as well as volume drive with this arrangement, but its dependences, in both magnitude and phase, on the center line flow velocity were not as expected.
I. EXPERIMENT WITH A PULSATING JET
Although a jet with a pulsating velocity is not really at all like the oscillating jet in real organ pipes, the thought experiment devised by Elder is still of interest and of possible use. Therefore, an apparatus was constructed along very similar lines and some simple experiments done to try to iso. late and quantify the two drives.
This apparatus, shown in Fig. 2 , consists of a 2-m pipe of 10-cm diameter, open at both ends, which is driven at one end by a pulsating axisymmetric jet. The pulsations were produced using a 23-cm-diam loudspeaker which fed into a small cavity via a 2.0-m inverted exponential horn. The small cylindrical cavity, 2.5 X 15 cm, was fed at one end from the compressed air supply and the jet nozzle was connected to the other. The jet nozzle, an aluminum tube 3 mm in diameter and about 30 cm long, was bent into a right angle so that the cavity and other parts did not materially affect the end correction of the pipe. The effiux pressure was measured with a pitot tube connected to a pressure transducer and meter. The signal from the transducer, when displayed on an oscilloscope, showed both the steady pressure and the ripple. The pipe was always driven at resonance, 87 Hz, and was mounted on a traversing mechanism so that the jet blowing position could be varied. The acoustic pressure pp, in the pipe and thus the drive, was monitored with a •Lin. condenser microphone inserted into the pipe wall at the position of the pressure antinode, half way along. The wave thus generated travels to the mouth end and is reflected, undergoing changes in both magnitude and phase as a result of the admittance of the reflector, in the process.
The rationale for this

The reflected wave travels hack to the open end and is largely
absorbed by a wedge of cotton placed there for that purpose. In this way the feedback loop between the jet and the standing wave in the pipe, necessary for self-sustained oscillations, is incomplete and the jet excitation is under the control of the experimenter. The incident and reflected waves combine to form a standing wave whose ratio of maximum to minimum pressures, the standing wave ratio, and distance to the first minimum, allow the terminating admittance of the pipe to be given by Fxl. (101. Over nearly all the range in the abscissa the data fall on or near this curve, suggesting that the admittance phase is hardly ever very different from the transit phase alone. However, for o/% •< 100, the data have progressively slightly larger delays and for to/v o •< 40 the phase delay suddenly starts to decrease rapidly. To examine these trends in the light of the drive equation, certain modifications need to be made to allow for the conditions peculiar to our experiment. Equation (1) When the admittance spirals were plotted, spirals for the series impedance circuit were also tried for some data sets. The spirals formed in this way were not nearly so well behaved, or illuminating, as in the admittance case and so the method was discarded. However, one general feature which emerged from the exercise was that the calculated jet impedances at low tO/Vo where shifted by about 20e in the direction of larger negative phases. This is not a great amount but it is enough, in terms of the diagrams like Fig. 7 , to cause the curve of data points to intersect the phase axis at 5 = 0. This does not mean that the impedance representation is the right one. Rather, it implies that the division of the currents between the two branches in Fig. 4(a) 
y(t )= --(U,,eo) [ 1 + eosh 2 G(x) --2 eosh G( x)cos 8j] )<sin (o•t --6• --•r/2)
V. ADMITTANCE MAGNITUDE
Plainly, from the results plotted in Fig. 6(a),(b) , the magnitude of the admittance generally decreases with increasing frequency and increases with increasing blowing pressure. It also appears that it increases as the cutup increases. As in the last section it is possible to replot the points from Fig. 6{a},( (12) For pp constant this is a measure of the admittance. When the cutup is doubled, as in our experiments, the ratio of the admittances, from Eq. {12}, is 5.9. In replotting the magnitudes, our data were adjusted by this factor.
The influence Of Oo can be simply catered for by a similar argument. If we consider a set of spirals having b constant, then, along a line of constant phase, k is an invariant function of x/d, whence, if similar steps are followed, the result follows that 4/00.
As a consequence of this result and for reasons which will become apparent, the magnitudes of the data from Using this small deflection regime, the admittance can be easily measured as a function of the drive parameters, co, Po, and AL The excitation of a pipe with a pulsating jet was first measured and found to be well characterized by the existing drive equation with a reweighting of the two terms, favoring momentum drive.
The jet admittance was then measured as a function of these drive parameters for a conventionally driven organ pipe. For co/re •> 40, that is medium to high frequencies and medium to low blowing pressures, evidence of both the volume and momentum drive mechanisms was found in the phase and magnitude of the excitation. However, the drive equation needed to be further reweighted in favor of momentum drive, giving a coefficient of about 4 to the first term in For co/re •< 40 the phase and magnitude of the admittance both exhibit an entirely unexpected behavior. It is doubtful that this low-frequency, high blowing pressure trend could be described by any modification to the various terms in the drive equation, since the phenomenon occurs over far too small a range in co/re to be explained by any of the possible phase shifts in the equation. It does appear to be some quite different effect, not, as yet, included in any theoretical considerations of the problem.
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